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Improvement* in or relatin g to nressurisation pumps 

This invention relates to pressurisation pumps. In particular, this invention also 
5 relates to fuel pumps and especially, but not exclusively, to fuel pumps used 
with compression ignition internal combustion engines. 

In all types of internal combustion engines it is important for fuel economy that 
as much of, if not all of, the fuel injected into a combustion chamber is 

1 0 consumed during each combustion cycle. As a first step towards that goal it is 
important that fuel injected into the combustion chamber is atomised as much 
as possible as this helps the combustion process by increasing the available 
fuel surface area for oxidation. Another important consideration is to ensure that 
the fuel is spread as homogeneously as possible throughout the combustion 

1 5 chamber as this aids flame propagation and so improves combustion efficiency. 
It follows then that for efficient operation the fuel needs to be injected as fast as 
possible to provide time to diffuse sufficiently before ignition and the fuel also 
needs to be injected under as high pressure as possible to ensure maximum 
atomisation. These factors are especially important for compression ignition 

20 engines, or diesel engines, as they rely on compressing air in the combustion 
chamber to high enough pressures so that the accompanying increase in 
temperature is hot enough to ignite diesel fuel injected into the combustion 
chamber, without using premixing or other techniques used in modern petrol 
engines to aid efficient combustion. 
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It is also important that the injection phase of each combustion cycle is 
controlled as tightly as possible to allow accurate fuel metering and ensure that 
the correct amount of fuel is injected to match engine load requirements, 

30 In known diesel engine systems fuel travels from a fuel pump to each individual 
cylinder of the engine in separate pipes. Fuel injection in the past has been 
handled by cam-driven injection systems, such as inline pumps, distributor 
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pumps, unit injectors and unit pumps. These systems build up fuel injection 
pressure for each injection of fuel and are powered by the engine. Fuel 
metering and pressure build-up are therefore linked and cannot be separated. 
The injection pressure results from the metered fuel quantity being pushed 
through the injector nozzle orifice by an injection piston contained in the injector, 
and as the injection piston velocity is proportional to engine speed, so the 
resultant fuel pressure is also proportional to engine speed. 

This link between engine speed and injection pressure in previous systems 
meant that only limited pressure is available at low engine speeds, harming fuel 
economy and delivering sluggish responsiveness, slow acceleration and a 
perception of unrefinement to the diesel automobile operator. In addition, in 
engines running at high speed there is reduced time on offer, compared to 
engines running at low speeds, for the air and fuel to mix sufficiently to allow 
complete combustion. It is clear that injection pressure is key to moving the 
combustion process along at the fast pace demanded by high-speed engines, 
and decoupling pressure generation from injection is also highly desired for the 
reasons explained above. 

20 It was to address the above problems that common-rail diesel systems were 
developed. A typical common-rail system comprises a fuel supply pump, a 
common rail (or accumulator) and injectors all joined by high-pressure piping, 
an electronic control unit, and electronic driver unit and various sensors. The 
supply pump maintains high fuel pressure inside the rail and fuel is injected by 

25 opening and closing an internal electromagnetic valve in each injector. Hence, 
there is no relationship between engine speed and injection pressure. The 
common-rail system enables fuel to be injected into the engine's combustion 
chambers at very high pressures, so the fuel and air mix more thoroughly and 
bum more efficiently than previous systems. Additionally, as the fuel pump 
30 constantly replenishes the common rail with pressurised fuel, high pressure is 
maintained throughout the engine's range of speeds, thus solving the problem 
of hesitation on acceleration and improving refinement. 
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More recent inventions relating to common rail systems have been those of 
providing additional pressurisation in the unit injectors and direct fuel injection. 
However, with all these systems the common goal is to improve fuel economy, 
5 reduce emissions, reduce complexity and reduce the weight of the engine and 
dependent ancillaries. 

Previous fuel pumps used with inline, distributor and common-rail systems used 
mechanically actuated valves to control input and output fuel from the fuel 

10 pump. Mechanical valving inevitably introduces losses through expenditure of 
energy in opening and closing inlet and outlet valves. Additionally, as these fuel 
pumps tend to be driven by the engine, utilising engine power to operate 
mechanical valving systems draws torque from the engine, resulting in less 
torque being available for useful work and hence, a further reduction in engine 

1 5 efficiency. Known fuel pumps have also tended to be complex and costly units - 
consequently there is a desire to reduce complexity as it brings obvious 
attendant advantages to both the manufacturer and consumer in terms of cost 
and reliability. With increasingly stringent emissions demands placed upon 
automobile manufacturers weight is also an important issue as weight has a 

20 direct effect on fuel consumption. All the desired improvements mentioned 
above are synergistic to improving efficiency. Furthermore, as the fuel pump in 
common-rail applications is running at high speed at all times during engine 
operation, even a small improvement in efficiency will produce appreciable 
gains over the long term. 

25 

It is with a view to providing a solution to the above problems and to maximise 
the benefits achievable by common-rail systems that we provide a pump 
comprising a first and a second plunger within a housing, the first and second 
plungers together comprising a first pair of plungers, communicating means 
30 connecting the first and second plungers, an inlet port and an outlet port 
provided in the communicating means, a proximal end of the first piston 
adapted to cover the inlet port, a proximal end of the second piston adapted to 



cover the outlet port such that a volume is defined by the communicating means 
and the proximal ends of the first and second plungers, characterised in that the 
maximum volume defined while the inlet port is covered is greater than the 
maximum volume defined when the delivery port is covered. 

In a preferred feature the pump is further characterised in that any volume 
increase due to relative movement between the first and second plungers when 
the inlet port is at least partially uncovered is reversed by further relative 
movement between the two plungers whilst the outlet port is at least partially 
uncovered. 

Preferably, the first and second plungers are aligned along a common axis. 

It is also preferred that the first and second plungers are driven by means of a 
single ring cam. 

Advantageously, the first and second plungers are adapted to only partially 
cover the inlet and outlet ports respectively. 

It is a preferred feature that the pump comprises at least one pair of plungers, 
each pair of plungers performing, in use, a pumping cycle, each pair having 
communicating means and inlet and outlet ports provided in the communicating 
means, as described previously. 

It is further advantageous that in the pumping cycle referred to above, a 
pumping cycle phase difference of between 115° to 130° exists between 
movement of the plungers of each plunger pair. 

In the alternative, it is preferred that in the pumping cycle above a phase 
difference of 120° or 130° exists between movement of the plungers of each 
plunger pair. 
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In an alternative aspect of the invention, there is also provided a common rail 
fuel pressurisation system comprising a pump as described previously. 

The present invention is now described with reference to the accompanying 
5 figures wherein: 

Figure 1 is a schematic representation of a known compression ignition fuel 
pressurisation pump for delivering high pressure fuel to a plurality of injectors of 
a fuel system; 

10 

Figure 2 is a representation of a pressurisation pump according to a first 
embodiment of the invention; 

Figure 3 shows the embodiment of Figure 2 in exploded form showing principle 
15 components including two sets of opposed in-line plungers within a common 
bore; 

Figure 4 shows a schematic view of the embodiment of Figures 2 and 3 taken at 
the start of a pumping cycle; 

20 

Figures 5 to 10 show the salient positions during one pumping cycle of the 
pressurisation pump shown in Figures 2 and 3; 

Figures 1 1 (a) to 1 1 (g) show in greater detail the positions of one set of opposed 
25 in-line plungers during the cycle shown in Figures 5 to 1 0; 

Figures 12 and 13 show phase differences corresponding to 15° and 10° 
respectively between the two sets of opposed in-line plungers in Figures 2 to 
10; 
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Figures 14 to 16 are projected mappings of displacement and swept volume 
during a pumping cycle for a pump according to the first embodiment, wherein 



Figure 14 is for an idealised pump, Figure 15 corresponds to projections for a 
pump with real-life characteristics and Figure 16 corresponds to projections for 
a pump with optimised real-life characteristics; and 

Figure 17 shows an alternative embodiment of the present invention wherein 
the two plungers are not in-line but are still connected to a common bore. 

There is provided at Figure 1 a schematic representation of a known type of 
pressurisation pump, which is the subject of a separate patent application, 
comprising a pump housing 1 and three radially mounted plunger members 2, 
each of which is reciprocable within a respective plunger bore 3 provided in the 
pump housing 1 under the influence of a respective drive arrangement 4, 6 and 
7 so as to cause pressurisation of fuel within an associated pumping chamber 
5. Each drive arrangement includes a cam 4 that is arranged to drive a 
reciprocable shoe 6 and a roller member 7, the cam being driven, in use, by 
means of an associated drive shaft 8. The roller member 7 is located radially 
inward of the shoe 6 and is cooperable with a cam surface 4a of the cam 4 so 
as to impart reciprocable movement to the shoe 6 upon rotation of the drive 
shaft 8. The pump also includes a tubular member 9 which is secured to the 
pump housing 1 and arranged such that it is substantially coaxial with the drive 
shaft 8, the tubular member 9 being further arranged such that it guides 
reciprocal movement of the shoe 6, in use. Although not shown in Figure 1 , this 
type of pressurisation pump requires separate mechanical valving means of the 
type commonly used with internal combustion engines to effect control over inlet 
and outlet of fuel: 

Turning to Figures 2 to 4, there is shown a representation of a pressurisation 
pump according to a first embodiment of the invention shown generally at 10. 
The pressurisation pump 10 comprises two pairs of plungers, a first pair of 
plungers 12a and a second pair of plungers 12b. The plunger pairs 12a and 12b 
are mounted in opposed in-line formation within a pump head 14. Each plunger 
approaches its paired plunger at its proximal end and at the distal end connects 
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or is otherwise coupled to a shoe 16. Each shoe 16 embraces a respective 
roller 18, and the head, plungers, shoes and rollers are all mounted with respect 
to the head as shown such that only the rollers 18 are in contact with a cam 
surface 19 of a driven ring cam 20. The cam surface 19 is also known as the 
5 cam profile of the ring cam 20. Each pair of plungers resides and is moveable 
within a respective common bore 26, 28 provided in the pump head 14. 

It will be appreciated that in the section shown in Figure 2, the bores 26, 28 
within which the plungers move are not visible, but can be seen clearly in Figure 
10 4. 

Biasing means (not shown) may be employed to ensure that the plungers 12a, 
12b are forced radially outwards so that the rollers 18 are in constant contact 
with the internal surface 19 of the ring cam 20 as it is driven, in use. Suitable 
1 5 biasing means may take the form of a resilient spring. 

The internal surface 19 of the ring cam 20 is eccentrically shaped so that 
rotation of the cam 20 about its central axis, while the pump head 14 remains 
stationary, imparts a reciprocating motion to the plungers 12a, 12b and the 
20 shoes 16 through contact of the cam surface 19 with the rollers 18. This 
reciprocating motion can be quantized into pumping cycles. The ring cam 20 
may be shaft-driven or driven by other means commonly employed to drive 
ancillary equipment relating to compression ignition engines. 

25 In this embodiment the head 14 comprises four fill ports 22, two of which are 
located so as to communicate with one of the bores 26 and the other two of 
which are located so as to communicate with the other one of the bores 28. Fill 
ports 22 are. also commonly referred to as inlet ports. Although not shown in 
^Figures 2 to 4, the fill ports 22 are connected to the outlet of a transfer pump 

30 which supplies fuel to the inlet ports 22 at transfer pressure. 



For each bore 26 and 28, each fill port 22 of one pair and each delivery port 24 
of one pair is located diametrically opposite its paired port along the associated 
bore. Thus, in Figure 2 only one fill port 22 and one delivery port 24 for each of 
the bores 26 and 28 is visible. The fill ports 22 allow fuel to be taken into the 
5 bore 26 and the delivery ports 24 allow fuel to be pumped out of the bore 26. It 
is preferred that pairs of fill and delivery ports are employed, and that each fill or 
delivery port is diametrically opposite the other port of the pair in its respective 
bore in order to balance forces generated during fill and delivery stages of the 
cycle, and so avoiding side-loading of the plungers. The delivery ports 24 are 
1 0 also commonly referred to as outlet ports or pumping ports. 

In use, each of the plungers 12a, 12b is able to move within its bore 26, 28 so 
that all of the ports in that bore can be completely covered by a plunger, thus 
cutting off flow into or out of the bore 26,28 through that port. In the embodiment 
1 5 shown one plunger of each plunger pair 1 2a, 1 2b is responsible for covering the 
inlet ports 22 and the other plunger out of the plunger pair 12a, 12b is 
responsible for covering the outlet ports 24. 

Figure 3 shows separately the components referred to in relation to Figure 2 
20 above. The bores 26 and 28 are seen in the head 1 4 in this view. 

Figures 5 to 10 show the salient positions of the plungers 12a and 12b during 
one pumping cycle of the pressurisation pump shown in Figures 2 and 3. The 
positions shown in Figures 5 to 10 appear in the order in which they occur in a 
25 pumping cycle. Figure 5 is an exact reproduction of Figure 4 but shown at a 
smaller scale. For the purpose of the following description, motion of only one of 
the plunger pairs 12a in the bore 26 will be described for clarity, although the 
other plunger pair 12b in the bore 28 operates in exactly the same manner. 

30 j Figure 5 shows the plunger positions when in a "start fill stage" of the 
pumping cycle during which the fill ports 22 becomes partially uncovered 
by one plunger of the pair, while the delivery ports 24 are covered by the 
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other plunger of the pair. Relative movement between the two plungers 
12a as the cam 20 rotates creates a volume 23 between the proximal 
ends of the plungers 1 2a - the volume 23 is not shown in Figure 5 as this 
is the starting position of the cycle but is shown in Figures 6 to 8 instead. 
5 As the delivery ports 22 are covered the creation of the volume 23 results 

in fuel being drawn into the volume 23 through the fill ports 22. 

The volume 23 is caused by ingress into the pumping bore 26 of fuel 
supplied by the transfer pump (not shown) at transfer pressure which 
1 0 forces the two plungers 1 2a apart. Accordingly in this embodiment there 

is no need for biasing means to force the two plungers 1 2a apart. 

In Figure 5 the starting position shows that there is no initial volume 
between the proximal faces of the two plungers 12a. It is envisaged in 

15 alternative embodiments that at the starting point of the pumping cycle 

there already exists a volume between the plungers 12a. In this situation 
what is required in order to progress to the next stage is simply for an 
increase in volume to occur due to relative movement between the 
plungers 12a. Accordingly, in the situation where there is an initial 

20 volume between the plungers 12a, when the pumping cycle is complete 

and the plungers 12a return to the starting position the initial volume 23 
between the plungers will be realised again. 

Figure 6 shows the plunger positions during the second stage of the 
25 pumping cycle, referred to as "the continue fill" stage. Fuel continues to 

flow into the bore 26 during the continue fill stage as the volume 23 
increases to its maximum size as shown in Figure 6. As the continue fill 
stage is completed the fill ports 22 become covered by one of the 
plungers of the pair. During the continue fill stage the delivery ports 24 
30 stay fully covered. 
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Figure 7 shows the plunger positions when in the third stage of the 
pumping cycle referred to as the "transfer ports" stage during which the 
fill ports 22 and the delivery ports 24 are all fully covered. Throughout 
this stage the size of the. volume 23 is maintained due to the essentially 
incompressible nature of the fuel being transferred in the bore 26, and so 
both plungers move substantially in unison along the bore. 

In an alternative application, the fluid to be pumped can be compressible, 
for example a gaseous fuel/air mixture. In the example of pumping a 
compressible fluid, the volume 23 during the transfer ports stage can 
vary, perhaps providing additional compression to the delivery pressure 
that is achieved during the delivery phase. 

Figure 8 shows the plunger positions at the end of the transfer ports 
stage as the cycle moves into the "start delivery" stage. At the beginning 
of the start delivery stage the delivery ports 24 start to become 
uncovered while the fill ports 22 remain fully covered. The volume 23 
diminishes as the plungers 12a of the pair start to move relative to one 
another, with relative movement between the two plungers 12a and the 
accompanying reduction in size of the volume 23 causing the fuel 
residing in the volume 23 to be ejected out of the bore 26 via the delivery 
ports 24. 

Figure 9 shows the position of the plungers once all the required fuel has 
been delivered from the bore, and this stage of the pumping cycle is 
known as the "end delivery" stage. This stage is arrived at following the 
start delivery stage by continued relative movement between the 
plungers 12a. The relative movement between the plungers 12a results 
in a decrease in size of the volume 23, as the fill ports 22 are fully 
covered, and this causes the fuel residing in the volume 23 to be forced 
out of the bore 26 via the delivery ports 24 under high pressure. In the 
embodiment shown in Figure 8, all the fuel transferred into the bore 26 
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during the transfer stage has been forced out of the bore by the time the 
end delivery stage is over. 

Figure 10 is the last stage in the cycle as both plungers 12a are moved in 
5 unison back to the start fill position again. 

It will be appreciated that, during all stages of the pumping cycle, 
whether the plungers of each pair are moving relative to one another in 
an approaching or departing direction, or whether they are moving 
1 0 together, movement of the plungers 1 2a, 1 2b is caused by rotation of the 

cam 20 and the profile of the cam surface 19. 

It will also be appreciated, bearing in mind the previous description of a 
prior art pressurisation pump, that in the embodiment described above 
1 5 there is an absence of separate mechanical valving means. Said valving 

means are not required as, in use, the motion of the plungers 12a, 12b to 
open and close the fill and delivery ports 22, 24 serves as controlling 
means to control the inlet and outlet of fuel into the pumping bore 26. 

20 Figures 1 1 (a) to 1 1 (g) show in greater detail the positions of one set of opposed 
in-line plungers 12a, 12b relative to their respective fill and delivery ports 22, 24 
during the cycle described in Figures 5 to 10 above. 

Figure 11(a) shows the pair of opposing in-line plungers 12a, further 
25 distinguished as comprising a fill plunger 12aF and a pumping plunger 

12aP. In this schematic view only one each of the pairs of fill ports 22 
and delivery ports 24 is shown, but the other side of the bore 26 (not 
shown) has a corresponding number of ports in mirrored locations. 
Figure 1 1 (a) shows the plungers 12aF and 12aP just prior to the start fill 
30 stage. It is noted that in Figure 1 1 (a) there exists an initial volume 23 at 

the start of the pumping cycle even though the plungers 12aF and 12aP 
" are in contact with each other. This is due to the configuration of the 



12 



plunger head chosen, wherein the heads comprise a tapered head that 
terminates at a shoulder. 

As shown in Figure 11(b), both plungers move in unison towards the fill 
ports 22 and once the fill ports are at least partially uncovered by the full 
plunger 12aF, relative movement between the two plungers 12aF and 
1 2aP can occur which draws fuel into the bore 26 through the fill ports 
22. 

In Figure 1 1 (c), once the maximum volume 23 has been achieved the fill 
ports 22 are closed by further movement of the fill plunger 12aF which 
covers the fill ports 22 so that no further fuel can enter the bore 26. 
Transfer of the fuel to the delivery ports 24 now takes place. The 
maximum size of the volume 23 is determined by the cam profile 19 of 
the ring cam 20 (not shown in this view). It is noted that the maximum 
size of the volume 23 does not have to only be arrived at when the fill 
ports 22 are fully covered: the maximum volume size can be arrived at 
while the fill ports 22 are still at least partially uncovered. 

Once the delivery ports 24 start to become uncovered by the pumping 
plunger 12aP, the fuel in the bore 26 starts to be pumped out of the bore 
26 owing to relative movement between the two plungers 12aF and 12aP 
which decreases the volume 23 between them. Figure 1 1 (d) shows the 
pumping stage. 

As shown in Figure 11(e), further relative movement between the two 
plungers 12aF and 12aP ends when the volume 23 is decreased to a 
predetermined size and all of the fuel that is required to be pumped has 
been expelled from the bore 26. The minimum gap size (i.e. separation 
of the ends of a plunger pair) is also determined by the cam profile 19 of 
ring cam 20 (not shown). By virtue of the fact that the maximum gap size 
during fuel intake is larger than the minimum gap size during fuel 
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delivery, a net positive pumping displacement of fuel out of the bore 26 is 
achieved. 

Continuing the cycle, Figure 11(f) shows the plunger 12aF returning 
toward the fill ports 22 in an opening direction and Figure 11(g) shows 
the plungers 12aF, 12aP as they approach the edge of the fill ports 22, 
ready to restart the pumping cycle. 

Plunger strokes can be achieved by a single cam profile 19 formed on the 
inside surface of the driven ring cam 20. When the axis of a plunger bore is 
angularly offset from the major axis A (shown in Figures 12 and 13) of the cam 
20 by an angle 0, a phase difference between movement of the plungers of 
each pair 12a, 12b of plungers is generated. Figures 12 and 13 show phase 
differences between the two sets of opposing in-line plungers 12a and 12b 
corresponding to <t> values of 15 degrees and 10 degrees respectively. The 
direction of rotation of the driven ring cam 20 is shown by the arrow oj. 

Referring to Figures 12 and 13, for 120 degrees cyclical phase difference 
between the two plungers of each pair 12a and 12b, a four lobe cam (Figure 12) 
requires the plungers 12a, 12b to have a phase difference of 30 degrees - i.e. 
the centre line of the bores 26 and 28 are each 15 degrees off-set (<*> = 15°) 
from the centre line of the cam 20. For a six lobe cam operating plungers with 
120 degrees cyclical phase difference (Figure 13) the plungers need to be 20 
degrees out of phase in total - i.e. each bore centreline is 10 degrees offset 
from the cam centre line (0 = 10°). 

To double the pump output another pair of plungers can be run on the reverse 
side of pump 10 driven by the same or a different cam. The modular nature of 
the invention means that further pump units can be arranged together in series, 
axially spaced along a cam drive shaft, to form a compact unit to provide the 
desired output of pressurised fuel. The pump therefore provides a much smaller 
and simpler arrangement than previously available. The addition of further 



pumping units has the further advantage of smoothing and refining the resulting 
operation of all the pumps so connected. 

Figure 14 shows the projected displacement and swept volume data during a 
pumping stroke for an idealised press urisation pump according to Figures 2 to 
13, assuming zero plunger inertia and idealised 'triangular' movement plots. 

Figure 15 highlights possible problems with plungers 12a, 12b having a nose 
radius of 8mm in a 120 degree off-set configuration, and Figure 16 shows how 
such problems may be solved by moving to a 130 degree off-set configuration 
with a reduced distance between the fill and delivery ports. 

Figure 17 shows an alternative embodiment of the present invention wherein 
the two plungers are not in-line but are still connected to a common bore. The 
fill plunger 12aF and the pumping plunger 12aP are both connected by a 
common bore 26 which comprises fill ports 22 and delivery ports 24. As with the 
previous embodiment shown in Figures 2 to 16, there are a pair of fill ports 22 
and delivery ports 24 arranged along the bore with each fill port 22 diametrically 
opposite its paired port across the bore 26. In Figure 17 only One port of each 
pair of ports 22, 24 is shown. The plungers 12aF and 12aP are biased by 
resilient means (not shown) towards the direction of cam lobes 30 and 32, 
which are connected to a common camshaft 34. Rotation of the camshaft 34 
causes the cam lobes 30 and 32 to reciprocate the plungers 12aF and 12aP 
along respective portions of the bore 26, covering and uncovering the fill and 
delivery ports 22 and 24 so that a net pumping of fuel within the bore 26 is 
achieved with each pumping stroke. The stages of each pumping stroke in this 
embodiment are the same as those for the embodiment described in Figures 2 
to 16. 

V 

It will be understood that various modifications to the aforedescribed 
embodiments may be made without departing from the spirit and scope of the 
invention. For example, although the present invention has been illustrated in 
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the context of a fuel pressurisation pump, the same concept works with any fluid 
which requires pressurised delivery in applications wherein space, weight and 
mechanical complexity are desired to be kept to a minimum. Additionally, 
although reference is made throughout to inlet and delivery ports, it is common 
practice to replace inlet and delivery ports with inlet and delivery slots should 
this be advantageous. Furthermore it is to be understood that although the 
present invention utilises pressurised fuel supplied by a transfer pump to create 
and enlarge the volume 23 between the pistons 12, 12a and 12b, the invention 
is not dependent on this feature. As mentioned previously and purely as an 
example of the alternative methods available, it is envisaged that biasing means 
in the form of a resilient spring may be employed within the bore 26 between 
the facing ends of the plungers 12, 12a and 12b to enlarge the volume 23 so 
that fuel may be admitted into the bore 26. It is further envisaged that it may be 
advantageous to employ a combination of these features. Accordingly, it is to be 
understood that the invention is not to be limited to the specific illustrated 
embodiment, but only by the scope of the appended claims. 
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Claims 

1. A pump (10) comprising a first (12a, l2aF, 12aP, 12b) and a second 
plunger (12a, 12aF, l2aP, 12b) within a housing (14), the first and second 

5 plungers (12a, 12aF, l2aP, 12b) together comprising a first pair of plungers 
(12a, 12aF, 12aP, 12b), communicating means (26, 28) connecting the first and 
second plungers (12a, 12aF, 12aP, 12b), an inlet port (22) and an outlet port 
(24) provided in the communicating means (26, 28), a proximal end of the first 
piston adapted to cover the inlet port (22), a proximal end of the second piston 

0 adapted to cover the outlet port (24) such that a volume (26) is defined by the 
communicating means (26, 28) and the proximal ends of the first and second 
plungers (12a, 12aF, 12aP, 12b), characterised in that: 

the maximum volume defined (23) while the inlet port (22) is covered is 
5 greater than the maximum volume defined (23) when the delivery port (24) is 
covered. 

2. A pump (10) according to Claim 1 further characterised in that any 
volume increase due to relative movement between the first and second 

' plungers (12a, 12aF, 12aP, 12b) while the inlet port (22) is at least partially 
uncovered is reversed by further relative movement between the two plungers 
(12a, 12aF, 12aP, 12b) while the outlet port (24) is at least partially uncovered. 

3. A pump (10) according to Claim 1 or Claim 2 wherein the first and 
second plungers (12a, 12aF, 12aP, 12b) are aligned along a common axis. 

4. A pump (10) according to any preceding claim wherein the first and 
second plungers (12a, 12aF, 12aP, 12b) are connected to a single ring cam 
(20). 

5. A pump (10) according to any preceding claim wherein the first and 
second plungers (12a, 12aF, 12aP, 12b) are adapted to only partially cover the 
inlet (22) and outlet (24) ports respectively. 
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6. A pump (10) according to any preceding claim wherein the pump (10) 
comprises at least one pair of plungers (12a, 12aF, 12aP, 12b), each pair of 
plungers (12a, 12aF, 12aP, 12b) performing, in use, a pumping cycle, each pair 

5 having communicating means (26, 28) and inlet (22) and outlet (24) ports 
provided in the communicating means (26, 28). 

7. A pump (10) according to Claim 6 wherein a pumping cycle phase 
difference of 115° to 130° exists between movement of the plungers of each 

10 plungerpair (12a, 12aF, 12aP, 12b). 

8. A pump (10) according to Claim 6 wherein a pumping cycle phase 
difference (0) of 120° exists between movement of the plungers of each 
plunger pair (12a, 12aF, 12aP, 12b). 

15 

9. A pump (10) according to Claim 6 wherein a pumping cycle phase 
difference (<P) of 130° exists between movement of the plungers of each 
plungerpair (12a, 12aF, 12aP, 12b). 

20 10. A common rail fuel pressurisation system comprising a pump (10) 
according to any preceding claim. 



11. A pump substantially as hereinbefore described with reference to any 
one of Figures 2 to 1 7 of the accompanying drawings 



Abstract 



A pressurisation pump (10) is provided comprising a first (12a, 12aF, 12aP, 
12b) and a second plunger (12a, 12aF, 12aP, 12b) within a housing (14), the 
5 first and second plungers (12a, 12aF, l2aP, 12b) together comprising a first 
pair of plungers (12a, 12aF, 12aP, 12b), communicating means (26, 28) 
connecting the first and second plungers (12a, 12aF, 12aP, 12b), an inlet port 
(22) and an outlet port (24) provided in the communicating means (26, 28), a 
proximal end of the first piston adapted to cover the inlet port (22), a proximal 

10 end of the second piston adapted to cover the outlet port (24) such that a 
volume (26) is defined by the communicating means (26, 28) and the proximal 
ends of the first and second plungers (12a, 12aF, 12aP, 12b), characterised in 
that the maximum volume defined (23) while the inlet port (22) is covered is 
greater than the maximum volume defined (23) when the delivery port (24) is 

15 covered. 



(Figure 4 to be included in the abstract) 
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